We have measured the illuminance (brightness) of seven neonatal units during both the day and the night. When the units were lit solely by fluorescent tubes the mean illuminance was 348 lux (range 192-690 'In cot areas, the lighting and luminaires should be positioned as far away from the cots as practicable to avoid direct glare into the cots. Additional luminaires may be required over the cots to provide higher illuminance depending on the width and shape of the room and the cot layout.
dency nurseries at all times. In two of these units there is a policy of reducing the amount of artificial light in the low dependency areas at night, and in these the normal mean illuminance was 50 lux. We have measured the general levels of illumination to which a neonate might be exposed; the ocular exposure to light of a neonate depends, however, on both physical and biological factors 'In cot areas, the lighting and luminaires should be positioned as far away from the cots as practicable to avoid direct glare into the cots. Additional luminaires may be required over the cots to provide higher illuminance depending on the width and shape of the room and the cot layout.
Blinds should be provided in areas where day-lighting from side windows or roof lights could cause glare to babies suffering from retinopathy of prematurity.
In incubator areas, higher levels ofilluminance are required for the examination and care of babies and this should be provided by low glare luminaires'.2
These guidelines also define the mean illumination of the areas within a neonatal unit. Illuminance levels of 50-100 lux for low dependency and 1000 lux for the high dependency regions are recommended. Between the hours of 2000 and 0800 (night) the guidelines suggest that the mean illumination should be reduced to 5 lux. It is not clear whether this applies to both high and low dependency regions.
Contrary to the guidelines, most neonatal units are usually lit both day and night, with no cyclic variations in intensity. Surprisingly, the levels of light to which preterm neonates are exposed are one of few environmental variables which are not monitored. Moseley and Fielder have recently reviewed the literature about the potential toxicity of light to the eyes of neonates, and noted that there is little data on the exposure to light of babies undergoing treatment in neonatal units. 3 Abramov et al showed that there were deficits in both photopic contrast sensitivity (a reduction of 0-2-0-3 log units) and photoreceptor function in a group of children tested at the age of 7 years, who had been born preterm and had been exposed to continuous illumination as neonates.4 The colour vision deficits resembled those of tritanopia, suggesting damage to the short wavelength (blue) cones. Glass et al reported a reduction in the incidence of retinopathy of prematurity among a group of neonates exposed to reduced lighting.5 This study has been criticised on several grounds: it was sequential and infants were not randomised into clinical study groups; the light reduction was achieved by placing a filter over the incubators; the method was not accurately described, and the observers were aware of which babies were having which treatment. 
Artificial lighting only
Each of the seven neonatal units were visited at night on a single occasion. During this visit the ambient lighting was surveyed throughout the unit with the lighting set as normal by the nursing staff. In addition, in units 5 and 6, (which have a policy of dimming the lights in the low dependency regions between 2000 and 0700) measurements were made both with the fluorescent lamps turned on and under the dimmed lighting.
Total illuminance during the day The units were visited on four occasions separated by intervals of about one week. The survey was carried out once during each visit, either in the morning or the afternoon. If the survey was carried out in the morning on the first visit, the second survey was made in the afternoon.
Timing of measurements: effect on readings Repeated measurements of illuminance were made at hourly intervals between 0700 and 1800 in one neonatal unit. This was to provide an estimate of the variability in illuminance due to timing of the surveys on the measured values.
All illuminance data were obtained at the approximate height of the upper surface of the infant in a cot or isolette, as close to the exact position of the infant as possible (table 1) .
METHOD OF ANALYSIS
The mean, median, and range of illuminances were calculated in three ways: firstly, for each unit as a whole; secondly, with the high and low dependency regions considered separately; and, finally, for every room in each of the seven neonatal units surveyed. The uniformity ratios (defined as minimum/mean, and minimum/ maximum measurements) were calculated for each room, and the results compared with the Chartered Institute of Building Services guidelines.
Analysis of variance was used to compare the mean illumination for the units studied, both when each unit was considered as a whole, and after subdividing the units into high and low dependency regions as separate blocks.
Results
The uniformity ratio, the minimum divided by the maximum recorded light levels (UR=min/ max), was calculated for each room studied. Values of greater than 0-79 were obtained for every room irrespective of time or day of measurement. Mean (SEM) illuminance for all units was 348 (74) lux. Significant differences were found between the seven units studied, however, the mean for the individual units ranging from 192 lux in unit 3 to 690 lux in unit 2 (p<0-001) (table 2) . When the data from each special care baby unit were divided into high and low dependency regions these differences became more apparent. In general the units were uniformly bright or dim, with the most recently opened having the highest mean unit illuminances. The high dependency nurseries of units 1, 2, 4, and 6 were significantly brighter than their corresponding low dependency nurseries (table 2). Similar differences among units were found in the illumination of the low dependency nurseries. With the exception of units 5 and 6, the data in table 2 represent the normal minimum night time illuminance. Both these units have a policy of reducing the levels of light and noise in the low dependency nurseries whenever possible. When a second survey was carried out at these units, the mean illuminance in the low dependency nurseries was about 50 lux. The interunit variability that we found seems partly to reflect the age of the neonatal unitthe newest, which opened in 1988, had the highest level of artificial illumination and the dimmest was the oldest unit studied.
All high dependency nurseries were illuminated throughout the 24 hour period and thus showed little variation and were brighter than their corresponding low dependency nurseries (table 2). The illuminance in the low dependency rooms was cycled routinely in units 5 and 6 at the time of the survey." The reduction in illumination between high and low dependency nurseries probably reflects the improving health of the neonates, as less intense monitoring is required for these babies.
The effect of external weather conditions was studied briefly and our results suggest that additional ambient light entering the units through windows can make an important contribution to the amount of light in the units (table 2) . Infant positions with high illuminance values, when compared with the averages, were located near outside windows, an effect that has been noted previously.'5 16 The data recorded from points not in direct line with the windows, however, were similar, and independent of external weather conditions.
Our results merely report the illumination levels at the time of the survey. The total light exposure of an infant during treatment in a neonatal unit is dependent on many factors. For example, babies are moved from high to low dependency nurseries as their conditions improve. Babies may also be moved round randomly within a nursery depending on the number of infants in each region at the time. Thus a baby could be located at a point associated with a high illuminance at one stage and then be relocated at another position associated with low illuminance.
The light dose to the eyes of preterm neonates is dependent on many physical and environmental variables. These include the position of the infant in the neonatal unit; whether he or she is in the high or low dependency region; the position of the cot, isolette, or incubator in the nursery in relation to outside windows; external weather conditions; the use of eyeshields; the baby's head position, and the the possibility of shading from equipment near the cot or incubator.
Most of the lighting comes from overhead fluorescent tubes, but in addition neonates are exposed to other lights. These include a variety of warming and procedure lights (their eyes may not necessarily be shielded), and exposure to phototherapy lights for the treatment of neonatal jaundice during which the eyes are covered with patches, which have a tendency to slip.'7 Also, because of the risk of developing retinopathy of prematurity, preterm infants are often examined ophthalmoscopically while they are in the neonatal unit. The instrument normally used is the binocular indirect ophthalmoscope, with a maximum intensity of light about one log unit greater than that needed for 100% rhodopsin bleach'8; Noell found that a 10% bleach is sufficient to damage the photoreceptors. However, the infant's retinas will usually be exposed for less than 60 seconds, and generally as the setting used is not maximal, the potential hazard is less.
The total amount of light reaching the eyes of preterm babies while they are in the neonatal unit must be greater than that received by a fetus, but before any relation between light exposure and any ocular pathophysiology is suggested an accurate estimate of the quantity of light actually reaching the eye or retina must be made. To obtain such estimates a knowledge of both physical or environmental (for example, illuminance, area of luminaires, and shading effects) and physiological factors (for example, eyelid opening, transmission of light through the eyelid, pupil area, and transmission of light through the optic media) is required. This study is part of a larger project examining each of these factors and their influence on the ocular light dose. J Robinson is a research student supported by the Royal National Institute for the Blind. We thank R Reece for assistance in part of the data collection, D Shaw for advice on the analysis, and all the paediatricians who cooperated with us during this study.
